Some important physical, chemical and sensory characteristics of raw and processed olives (processed by the same scratched table olive process) were investigated. In the study, six candidate cultivars obtained by crossbreeding and one standard cultivar ('Domat') grown together in an olive breeding and observation plot in the Ataturk Central Horticultural Research Institute in Turkey were investigated. Fruit weight and flesh-to-seed ratio of fresh raw olives ranged from 5.18 to 7.65 g and 4.8 to 6.3, respectively. LT011 had the highest fruit weight, whereas LT001 and LE001 had the highest flesh-to-seed ratio. Total phenolic content and antioxidant activity of the produced table olives were estimated between 102 and 141 mg gallic acid equivalents per 100 g fresh weight, and 13.4 and 14.9 µmol Trolox 100 g -1 , respectively. Fruits of LT001 had higher appearance, taste, bitterness and general appreciation scores than the others. LT001 showed a lesser loss of oleuropein absorbance and antioxidant activity than the others during processing. The results of this study revealed that LE001, LT001 and LT011 had superior characteristics for the production of scratched green table olives.
INTRODUCTION
The history of plant breeding is as old as the history of mankind. In the beginning, gardeners and farmers widely practised plant breeding worldwide, and in recent years, it has been practised by professional plant breeders, government agencies, industry associations and research centres. In this context, hybridization, or cross-breeding, has been practised for a long time (Ercisli, 2004; Benjak et al., 2005; Yazici and Sahin, 2016) .
Increasing consumer awareness of the human health components of fruits through social media has led to an increase in the interest in fruits. These compounds, called phytochemicals, have a positive effect on the internal quality properties of fruits. Thus, in recent years, the aim of fruit breeding has changed considerably, and to obtain cultivars that have a high phytochemical content has become very important (Kamiloglu et al., 2009; Tosun et al., 2009; Milivojevic et al., 2012; Mikulic-Petkovsek et al., 2013 , 2015 .
Olive cultivation is located mainly in the Mediterranean Basin. In most of the Mediterranean countries, olive (Olea europaea subsp. europaea var. europaea) cultivation has been practised since the beginning of human civilization. It is the main fruit species with a high economic value in the region. The countries of the Mediterranean Basin have unusually rich olive germplasm resources, and each olive-growing country has numerous olive cultivars (Baldoni and Belaj, 2009; Sakar and Unver, 2016; Sorkheh and Khaleghi, 2016) . However, in general, olive cultivars exhibit lower genetic diversity than their wild relatives (Belaj et al., 2010) .
More recently, the numbers of new olive cultivars derived under planned breeding programmes have increased (Jenks and Bebeli, 2011) . The cultivar is the most important factor determining the quality of table olives. Thus, many researchers intend to develop new high quality olive cultivars (Bellini et al., 2008; León et al., 2008) . Fruit yield, fruit weight, flesh/stone ratio, fruit shape, stone shape, oil content, sensory characteristics and flesh texture have been reported as significant and useful characteristics for the selection of candidate table olive cultivars in breeding programmes (Kailis and Harris, 2007; Rallo et al., 2012) . The first olive cross-breeding programmes started in the mid-1960s and continued in the following years (Jenks and Bebeli, 2011) . In Turkey, the first olive cross-breeding programme was started in 1990 at the Ataturk Central Horticultural Research Institute, where 1500 olive genotypes have been obtained by crossing Turkish, Spanish and Italian high-quality table olive cultivars. From among these 1500 olive genotypes, 6 superior genotypes have been selected as new candidate cultivars for green table olive production according to their high productivity, resistance to diseases, low periodicity and large and homogeneous green fruits. Natural green table olives are mostly made by scratched olive production in the world (Kailis and Harris, 2007) . On this account, this research was aimed to determine the characteristics of raw and scratched green table olive fruits of these candidate cultivars and define their suitability for the production of scratched green table olives.
MATERIAL AND METHODS

Plant material
In this study, olives from 6 candidate cultivars and the cultivar 'Domat' were evaluated. Their codes, parents and maturity indices are given in Table 1 . They come from crosses of foreign cultivars: Belle d'Espagne (Italian cultivar) and Lucas (Spanish cultivar), and Turkish cultivars: Tavşanyüreği and Edinciksu. The trees were planted at 1.5 m × 3 m in the olive genotype observation orchard of the Ataturk Central Horticultural Research Institute (Yalova, Turkey). The genotypes had been chosen by breeding researchers on the basis of their high productivity, resistance to diseases, low periodicity and large and homogeneous green fruits according to the results of a national cross-breeding project (Obtaining New Olive Varieties by Crossing, 1990 Crossing, -2018 . The maturity index was determined on 100 randomly selected olives in each sample to obtain a numerical value for the olive sample appearance. The olives were sorted into categories using the following criteria: 0 = skin is a deep or dark green colour; 1 = skin is a yellow or yellowish-green colour; 2 = skin is a yellowish colour with reddish spots; 3 = skin is a reddish or light violet colour; 4 = skin is black and the flesh is completely green; 5 = skin is black and the flesh is a violet colour half-way through; 6 = skin is black and the flesh is a violet colour almost through to the stone; 7 = skin is black and the flesh is completely dark. The total number of olives in each category was counted and recorded. The following equation was then applied to determine the maturity index (Hassan et al., 2011): where n i is the number of fruits with the score of i. Olives were randomly handpicked in 2013-2014 and 2014-2015 , and raw olives were divided into 2 groups for each sample. One group of raw olives was analyzed and the other group was processed into table olives on the same day of harvesting. (Anonymous, 2014) . Olives were scratched lengthwise by cutting into the skin two times. The scratched olives were kept in water, and this water was replaced with fresh water 7 times at 2-day intervals. The scratched olives were kept in 6% brine for fermentation for 15 days. After that, the processed olives were analyzed immediately.
Physical and chemical analyses
Fruit and seed weight, flesh-to-seed ratio, fruit and seed size, colour values of the skin, texture hardness, titratable acidity, pH, absorbance of oleuropein, water content, total phenolics and antioxidant activity of raw and processed olives were determined for each sample. Also, sensory profiles and the salt content of processed olives were determined. Fruit weight was calculated by weighing 100 olive fruits. Flesh-to-seed ratio was calculated by dividing the flesh weight by the seed weight of 100 olive fruits. Fruit weight and flesh-to-seed ratio were determined according to the official method TS 774 (1992). Fruit and seed size (width and length) were measured with digital callipers (Series 551 Mitutoyo, Japan). Colour values of the skin were measured with a colour meter (Konica Minolta, Japan). Texture hardness was measured with a fruit hardness tester (W.O.W FRH-5, Japan). Titratable acidity, pH value and sodium chloride content (only for processed olives) were determined according to the official method TS 774 (1992) . Water content of olive samples was determined in a conventional oven at 75 ± 2°C (Esti et al., 1998) . The oleuropein absorbance value was determined as follows: 50 g of seedless olives were blended and mixed with 125 ml of pure water and then boiled for 5 minutes and filtered under vacuum. The filter paper was rinsed with 125 ml distilled water and placed in a beaker; the residue in the beaker was boiled again and filtered. The filtrates were combined, and made up to 200 ml with pure water. 2.5 ml of this filtrate was placed in a 25 ml balloon flask and 0.5 ml of 1% gelatin was added. This was made up to 25 ml with acetone and 20 ml was taken and stirred for 2 minutes with 4 g of Al 2 O 3 .
The absorbance values were determined at 345 nm wavelength against acetone in a spectrophotometer (Shimadzu UV-1700 Pharmospec). Total phenolic content of these samples was determined by the Folin-Ciocalteu method according to Thaipong et al. (2006) . The total phenolic content was calculated from the calibration curve which was prepared by using gallic acid, and the results were expressed as mg of gallic acid equivalents per 100 g dry weight. Antioxidant activity was determined by the DPPH method Usenik et al. (2007) , with calculation from the calibration curve which had been prepared by using Trolox and the results were expressed as mg of Trolox equivalents per kg fresh weight.
Sensory analysis
The sensory profiles of the processed olives were assessed by using the sensory profile sheet developed by trained judges. A descriptive panel of ten judges was employed. The judges had been trained during a few preliminary sessions by using different samples of spontaneously fermented black table olives, in order to develop a common vocabulary for the description of the sensory attributes of table olive samples and also to familiarize themselves with the rating scales and procedures according to Aponte et al. (2010) . Each attribute term was extensively described and explained to avoid any doubt about the relevant meaning. Three 1-hour sessions (4-5 samples/session) were conducted to complete the analysis. Sensory characteristics were evaluated by the panelists on a 9-point scale (9: like extremely, 8: like very much, 7: like moderately, 6: like slightly, 5: neither like nor dislike, 4: dislike slightly, 3: dislike moderately, 2: dislike very much and 1: dislike extremely). Sample preparation, serving and tasting procedures were organized according to Galán-Soldevilla and Ruiz Pérez-Cacho (2010) . The appearance and colour attributes were assessed by the panelists on the complete sample before tasting. Odour, ease of separation from the seed, taste, bitterness and, finally, general appreciation attributes were evaluated accordingly. Evaluation of odour was made by direct aspiration of the air over the tasting glass in 2 phases: in the first one, the glass was kept still to detect any possible defects and then it was shaken gently to determine the different odour attributes (Galán-Soldevilla et al., 2013) .
Statistical analysis
The research plan was performed according to a randomized experimental design. Three replicates were tested for each parameter and each sample, which included 1 kg of olives. Analysis of variance was applied with the Duncan multiple comparison test of the means ( p < 0.01) to determine the presence of significant differences among the samples. Statistical analysis was performed by using the JMP v. 5.0 statistical package program (SAS Institute, Cary, N.C., USA). Different letters in the same column of the tables indicate a significant difference.
RESULTS AND DISCUSSION
High fruit weight and low seed weight are required of candidate cultivars of fruit species (Ercisli and Esitken, 2004; Saridas et al., 2016) . Statistically significant differences were observed in fruit weight and flesh-to-seed ratio of olives (Tab. 2). BE001 and LT001 had advantages for registration according to the evaluation of both fruit weight and flesh/seed ratio. In this study, fruit weight and flesh-to-seed ratio were observed in the ranges 5.18-6.40 g and 4.8-6.4, respectively and were higher than those reported by Arji and Bahmanipour (2014) and Rallo et al. (2008) . They had determined fruit weight and flesh-to-seed ratio in the ranges 1.80-4.76 g and 3.20-4.53, respectively, for the evaluated olive cultivars and candidate cultivars.
The skin colour of olives distinguishes four types according to its colour, which are green, turning colour, natural black and ripe olives (BOE, 2001) . In this research, the colour values of olives which corresponded to the green colour (a values) were determined between -20.74 and -17.30 (Tab. 3). According to the L, a and b colour values, BT003 and LT001 were determined as bright greenish olives. On the other hand, 'Domat' and BE005 had the lowest L values.
Hardness is reported as an important table olive quality criterion which attracts high consumer appreciation (Castro-Garcia et al., 2009) . In this research, hardness, pH and titratable acidity of raw olive samples were determined to be in the ranges 420-510 g, 4.93-5.18 and 0.26-0.56% oleic acid, respectively (Tab. 3). There were no statistically significant differences in pH and titratable acidity values of olive samples. However, the olive samples had significantly different hardness values: BE001 had the highest (510 g) and BE005 had the lowest (420 g) tissue hardness.
A low oleuropein absorbance value of olives was favourable for the new candidate cultivars. BE001 had statistically the same oleuropein absorbance value as 'Domat', but the others had higher values. BE001 had a markedly higher total phenolic content and antioxidant activity than the others (Tab. 4). The oleuropein absorbance value of BE003 was higher than the values for the other samples and those reported by Sahin et al. (2002) and Savas and Uylaser (2013) . The water content of the raw olive samples was determined to be in the range 70.10 -72.27% and there was no statistically significant difference in water content among the candidate olive cultivars (Tab. 4). The water content of the raw olives was higher than the range 65.22-68.18% reported by Savas and Uylaser (2013) for olives of the cultivar 'Domat'.
Large size, favourable shape and colour, high flesh-to-stone ratio, ease in releasing from seed and hard texture of fruits in the final product have been reported as desirable characteristics for the selection of new table olive cultivars (Sánchez Gómez et al., 2006) . A flesh-to-seed ratio requirement of at least 5 had been reported for new candidate table olive cultivars (Varol et al., 2009) . In this research, the flesh-to-seed ratio of all table olives except BE005 had a value greater than 5. Because of the low flesh-to-seed ratio of its fruits (4.8), BE005 had a big disadvantage for selection as a new table olive cultivar (Tab. 2).
Texture hardness of green olives is one of the attributes that affects consumer acceptance and may be strongly influenced during processing (Fadda et al., 2014) . Determination of hardness of the processed olive, when compared with its raw state, gives information about the extent of softening during processing (Lanza, 2013) . In this study, LE001 (55.3%) and LT001 (47.7%) had the highest losses of hardness, whereas BE005 (26.2%), BE003 (27.6%) and LT011(30%) had the lowest. The hardness of our raw olive samples was found to be similar to the values reported by Bautista-Gallego et al. (2011) (520-790 g), but the hardness of our processed olive samples was found to be higher than the values given by Fadda et al. (2014) (108 -152 g) and El-Soaly (2008) (223.6-249.7 g) . When compared with raw olives, all of the processed olives had a lower pH and an increased titratable acidity due to spontaneous fermentation. Similar changes in pH and titratable acidity had also been reported by Panagou et al. (2011) and Bautista-Gallego et al. (2010) (Tab. 3) .
The oleuropein absorbance of olives dramatically decreased after processing because the treatment involved scratching raw olives lengthwise by cutting into their skin and replacing several times the water in which the olives were kept (Ozdemir et al., 2014) . This debittering method has been reported as one of the oldest debittering methods (Kailis and Harris, 2007) . Debittering is a common practice of transforming raw table olives into their edible form. During the debittering process, which includes different steps, there is a significant loss Table 2 . Fruit and seed size, fruit weight, and flesh-to-seed ratio of raw and processed olives Means in columns followed by the same letter are not statistically significantly different; ± SD, standard deviation; NS, not significant Table 5 . Sensory evaluation scores (1-9) and salt content of processed olives (Fadda et al., 2014) . Polyphenols are one of the main human health components of olives and strongly affect the sensory properties of olive fruits (Sousa et al., 2008; Malheiro et al., 2011 . These values were lower than those reported by Arroyo-López et al. (2007) and Malheiro et al. (2011) . The oleuropein absorbance values of the processed olives were in agreement with those reported by Savas and Uylaser (2013) for table olives of the cultivar 'Domat'.
In this study, olives were processed using the same method, but their appearance, colour, odour, taste, bitterness and general appreciation showed statistically significant differences because of genetic factors. Sensory evaluation scores of processed olives are given in Table 5 . The taste and bitterness results for the olive samples were similar to the results of Galán-Soldevilla et al. (2013) and Lanza and Amoruso (2016) . Olives of LT001, LT011 and BE005 had a higher general appreciation score than those of the cultivar 'Domat', which was used for comparison. LT001 had the highest scores for appearance, colour, taste, bitterness and general appreciation characteristics. On the other hand, BE001 had the lowest score for these characteristics except bitterness.
In this research, olives were harvested when their maturation index was 1.1-1.3, which is recommended for green table olive production (Kailis and Harris, 2007) , and processed by the same debittering and spontaneous fermentation methods. These processes should be effective in producing high scores for odour and ease of seed separation. The ease of seed separation from the flesh and odour are mostly affected by ripening and processing conditions rather than genetic factors and that is why statistical differences were not detected in the sensory evaluation. Colour and general appreciation scores were higher than the results of Savas and Uylaser (2013) , who processed 'Domat' olives by the same method as in this study.
CONCLUSIONS
In this research, important table olive characteristics of raw and processed olives of candidate cultivars and the cultivar 'Domat' were determined. The candidate cultivars had been obtained under a crossbreeding project, whereas olives of the cultivar 'Domat' are widely produced in Turkey as green scratched olives. The results of this study showed that raw and processed olives of the genotypes LE001, LT001 and LT011 had better table olive characteristics (fruit weight, phytochemical and sensory) than the others. Therefore, these genotypes have the potential for registration as new cultivars for the production of scratched green table olives.
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